We have examined the presence of methylated adenine at GATC sequences (Dam phenotype) NaCl, 15 mg of lysosyme per ml) was followed by 10 min of incubation at room temperature. Lysis was performed at 4°C by the addition of 4 ml of 400 mM EDTA (pH 8), followed, after 10 min, by the addition of 1.5 ml of 25% sodium dodecyl sulfate. The highly viscous lysate was diluted by the addition of 25 ml of a solution containing 50 mM Tris-hydrochloride (pH 8), 50 mM EDTA, 100 mM NaCl, and 2 mg of pronase and incubated for 1 h at 37°C. The nucleic acids were extracted with phenol-chloroform, precipitated with ethanol, and suspended in 10 ml of 10 mM Tris (pH 7.4)-l mM EDTA. The RNA was eliminated by RNase
In Escherichia coli, all GATC sequences in the DNA are methylated in position 6 on the adenine residue (dam methylation) (25) . Up to now, an enzyme that cuts unmethylated GATC has not been discovered in E. coli; therefore, dam methylation is probably not part of a classical restriction modification system. Mutations that abolish the dam methylase activity are not lethal, but confer a mutator phenotype (10, 18) . A current hypothesis is that dam methylation allows the mismatch repair enzymes to discriminate between old and new DNA strands at the replication fork. Evidence supporting this hypothesis is the preferential removal of mismatched bases from the unmethylated strand of heteroduplex DNA, both in vivo and in vitro (17, 23) .
Mismatch repair has been demonstrated in Streptococcus pneumoniae (5, 15) , and indirect evidence suggests that it also occurs in eucaryotic cells (22) . Mismatch repair may be essential to lower the rate of mutations to a level consistent with the stability of natural populations, correcting spontaneous errors left by the replication machinery (24) . One might therefore expect that mechanisms for strand discrimination appeared early in evolution, as did other essential features of DNA metabolism. Thus, it seemed surprising to us that several bacteria lack dam methylation (3, 6, sequences that are the target of modification mechanisms. The existence of restriction modification mechanisms in archaebacteria has been previously suggested from studies with archaebacterial viruses (27) and from the discovery of a site-specific endonuclease in Thermoplasma acidophilum (20) . A clear-cut difference between complete dam methylation inE. coli and partial dam methylation in H. saccharovorum is that a species closely related to H. saccharovorum such as H. trapanicum is Dam-, whereas all species closely related to E. coli are Dam+.
In Fig. 2 , we have grouped our results with those previously reported by various authors for 27 other species with the data on bacterial phylogeny obtained by Fox et al. from comparative analysis of 16 S rRNA oligonucleotide catalogs (8) . All bacteria with the Dam+ phenotype, with one exception, can be grouped into two clusters (Fig. 2) are Dam- (32) . Rough calculation from data based upon the sequence of 5S rRNA (14) and the association coefficient of 16S rRNA (8) indicates that E. coli dam methylation appeared in the range of 3 x 108 to 7 x 108 years ago. This is quite recent in terms of procaryotic evolution. The E. colitype dam methylation also appears to be restricted to a small range of gram-negative eubacteria. The great number of Dam' bacteria detected in various laboratories is due to the overrepresentation of enterobacterial species in most studies. Furthermore, Baumann et al. have pointed out that cultural bias increases the differentiation of the family Enterobacteriaceae into genera and species compared with, for instance, the situation for Pseudomonas sp. (1).
DISCUSSION
If dam methylation in E. coli signals which DNA strand should be corrected in mismatch repair, either Dam-bacteria cannot perform mismatch repair, or they use some other device to guide strand selection. As it is known that S. pneumoniae performs mismatch repair, the second alternative seems more likely. Thence, our results would imply that diverse strategies for strand discrimination appeared recently in bacterial evolution or that a change in strategy occurred specifically in the E. coli lineage. If mismatch repair is a universal process that removes replication errors from newly synthesized DNA stands, one or a few mechanisms for strand discrimination should have appeared early in evolution, and it is difficult to understand why it should have changed in the E. coli lineage.
One hypothesis could be that mismatch repair in E. coli is instructed both by dam methylation and by another device common to all eubacteria. Alternatively, the possibility remains that dam methylation does not instruct mismatch repair; this provocative assumption is also suggested by the lack of detectable hemimethylated DNA at the replication fork (29) . Clearly, the biological role of dam methylation is an open question. It may be releyant to note that GATC, and other hexanucleotide sequences containing GATC, are among the most frequent. restriction endonuclease target sequences known (26) . Enzymes cutting these sequences belong, with rare exception, to bacteria with the Damphenotype whose GATC sequences are methylated on the cytosine residue. dam methylation could thus protect important GATC-rich regions in the DNA of Dam' species against nucleases. GATC sequences are numerous in the replication origin region of bacteria from the families Enterobacteriaceae and Vibrionaceae (32) . Protection of this region could be crucial for these bacteria. LITERATURE CITED
